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SUMMARY

Testsof a CJ.309-.chorddouble-siottedflap on an N/MA
65,3-118,a = 1.0 airfo~.1sectionhavebeenmade in the w
two-dimensionallow-turbulencetunneland the NACA two-
dlmensionallow-~urbulencepressuretunnel. The purposeof
the tnvestl~ticnwas to determine the lift, dreg, @ ~itching-

nummr.tcharacteristicsfor a -e of f]ap deflections.The
reml.zsindicate+&t the combinationof a Iow-tiagairfoil
end a double-clottedflap of which the two partsmovedas a
singleunit eve higher~mum lift coefficientsthanhave
been obtainedti~thp~in , split,or slottedfJaps on low-
dragairfoils. The mxlmum lfft coefficientswere almostas
hi@ as thoseobtainedon ccnventicmalalrfolis of aboutthe
samethlclmesswith 0.4.0..c-herdvenetlen-blfndend double-slotted
fkps. The pitchingmomentswere comparableto thoQeobtained
with otherhigh Uft deviceson conventionalairfoilsfor
simikr lift coefficients.

ImmMKmm

The IA(M has far cometimebeen Investi@tlngalrfolls
equippedwith high lift devicesfor the purposeof improving
the performne characteristicsaP theseairfoils. The results
of teets of low-dragairfoilsequippedwith p.kin,split,
or slottedflapshavebeen presentedin reference1. The

results of references2 and 3 chowthat,on conventionalalr-
foils,the highestliftshavebeen obtainedwith large-chord
venetlan-blhdand double-slottedflaps. The presentinves-
ti~tlon Ws ~de to date- the lift,drag,and pltchlng-
mcmentcharacteristicsof a low-dragairfoilwith a douhle-
slottedflap at variousflap deflections.Ih addltlon,the
Optlluumpositionfor mxlmum llftE@ the f&p pathwere to
be found.
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’00 airfoilsectiontested,on W.CA 65,3-IJ.8,a = 1.0 section,
was equippe[l.wfth a 0.309-chor&double-slottedflap. The ~
aodel,built of mod sn~ reinforcedwith steelrods,had.a ,2k-tich
churdand was pafiltedsnd s,-ndedto profizceaerodymxnlcallysmoth
mxrfaces. The airfoilordina+msare presentedin tableI and a
sketchof the mciklis shownIn figure1.

The dauble-slottodflapwas made of alutinumau?.consistealof
twn p-u% ● “fiefGrwmd porthn, designatedthe iore flap,wafl
8e~fir~t&L fmm ‘themin prt, degi~ted the re~ flap,by a
secont-ti-slot. me ordlnateafor tilefore flap snd res.rflap ere
preeentedh tableII. The double-slat’.edflap operatedas c slngl.e
unit,with no relativenutlonbetweentile:ore flap and the reerflap.
‘Ilieoper~,tingmec.hanl.sm<nd constructionwas simllaz-to tk.t of an
ortin~ slottedflap. The lmg lowerlip completelycksed sll gaps
en’.glotl~when the ?::uble-nlotte?.flap waa retracted. The flap

of–theaizY’Gil
cloagthe flap

cut-outl?k?y
path.

Tostd were mAe cf the motel In the N.WA two -Mne2sicnd low-

Inrhleace t~~nel eni the IV.CIWo-tinensioml lw-turbulencepressure
tzxlel. Sectionliit coef~icients were cbtalneflb~ neamrement of the
lift re.~ct~~oa ‘*e fkor @!d ceil~. of the ~l~lel, ~d ~ec kion
dr~ coei”ficimts were obtcdnedby the wake-mu‘veymethod. No dr~
ne.xurenentsweremsi!!fcr flap Eefl~ctions* above35° because

Gf corni?.erable3panwi se veriationO: .’.r,ag.Pitching-mmentcoeff1-
Ci~tG Cb~llkwei.-eqeasuredby nenarci’a c:’llbrate~torqueroh and

were takenaboutthe quarter-chordpointof the airfoil.
—- —— -.— -.—.- —.

‘At tie the this~eporbwag orl@mlly published,sorm of the
corz’ectionsrequiredfoi” re<uciw the test iuta ‘tofree-aircozu~tion~
hat.nct been t~te,rmdne~.T!ie v~d.uesOL’sectionlift ccef’ficientcz

(figs.2 ‘A 5) shouldbe cmnxw ;edb~ the equation

‘2(sc-rrecteC)
= o .965cZ+ cJ333c2

U&-1o “

where is theuncorrectedsectim lift coeff’iclentat sectim
ckc@o

aii~ec)fat’.tiof -1°.
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I’rel.lminm?yte@s were. made to determinethebest positionof
the fore tlap helative to the rear flap on the bnsisof maximm

,., aectl(mLIEt Olmfflchlltca=- .oWalnedat.a..i’layd@?lectlon

of 6g0. Thlm stiey of fcwe-flappositionwas limltedto those
.poaitfons~at which the fiap couldbe retracted-tithouthavingthe
fore flap protrudeMeyond.the airfoilsurface. The rearflap end
fore flapwere thenfixedIm the best relativeposition=d the
pzmcedurewasrepeatedfor the unit* The flap pathwas so chosan “
that,at 45° dsfleotlon,the flapwas In a positdm at whichboth
slotswere @fective end, at 650 deflection,the t%p was in a
positionat whichmaximumliftwas reached. One pint pointwas
used for flap deflectlcndup to 450jWhereasmother pivotpoint
wan used fur deflectionsfrum 45° ta 65°. (See’fig. 1.)

Lift, drag,and pitcklngnmmeutswere ol)tatiedfor flap
deflectionsrmghg from 0° to 65U. Lift and drag datawere obtained
at a Reynoldsnumbercf 6,000,0~0snd pitch~-mment datawere
obtslnedat a Reynoldcnumber w= 4,X0,000● i3celeeffecton maximum
liftwas foundfor a rangeof Reynoldsnumbersfrom4,000,000
to 9,000,000●

FESULIEAXW IIECUSSION

The rssmltsof the fl~p-pcsitionsurveyof the double-slotted
flup ~or the flap poaitlonthatwouldgive maximumlift are presented.
in figure2. Sectionlift characteti.sttcsfor the ccmibinatimwith
the.flap deflectedthrou@ a rangoof an@os from OQ to 65= are
presentedIn fl.~re3 for a Reynoldsnuuiberof approximately6,000,000.
The m%xlmunsectionllft co@Yicitit obti.inedwas 3.l~at a flap
deflectionof 65°, at vhlchan filcremsntin msxlmumlift coeffioien+<
of about1.79WS.Sobtslned. Completedatafor cuilyone double-
slottedflap are”presented,but prev?.ousunpublishedtestshave “
shownthata decr~e in chordof-tlm”fore flap gave a decreasoin
the maximumlift obtainable.TIM scaleeffeot on maximumlllt coeffl-
clentwas foundto be negligibleover the rengeof Reynoldsnumbers
tested. The smalljogs in the lift curves,whichappearfor the 0°
euxl10° flap deflect~ono,do not occurqt theehl&er deflec.tlms.. . . .“,”

SectiondragchsractOrlsticsfor the comb~nation”for f&p
deflectionsfrom 0° to 35° are presented in figure 4. Three Ix5st,s “

were rq at a Reynoldsnuniberof ~pproxi~tsly 6,000,~0. For the
flap retracted‘ad W?iec.ted”led,“~klrly~ ddsgcodfficlents“are
obtaluableover a _ of “ilft C(*OfftCieIltB from about-O.2to 0.8,“”
which Includes the norMsJ. high-speed and orulaing-f:dghtconditions●
The reZatlvelylow dragobtainedfor the 35°.tiflectionla probably

9- .–.—-—– –..– - –. -- .—- ----—-— .—--
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due to the establishment C& smooth flow throughthe
At a flap.deflecticmof 35°,a sectionlift-dragof

main slot.

amnmdmately

170 ~ ie obtalnsdat a-ilftcoefl’iciestaP ab;ut1.6; “ -

For deflections above 350 no dragmeasurmsnts were taken, “

but visual observationof the wslce-scrveymmcmeter itiicated
thatthe dragswere not excessive. The high llftawith ccan-
parativelylow dragsare the resultof unstaUed flowsoverthe
flap,as was hdicatitl by tuft mb.’veyswhich showdino separ- .
ationof the flow tier the fhp UP to a deflectionof 65°.

Scotion pitching-momentcharacterlstics for the airi-oll-
flap combluation for all flapdeflectIonstestedare plwaentedIn
figure5. Althoughpitching-momentcoefficientswere measured
at a Reynoldsnumberof 4,500,000,littlechangeIn thesechar-
acteristics.is expectedfor otherRe;mld~ numbursbesause‘.
previoustestsof slottedfk:’%on low-dregwlnL@ (reference1)
have shownthat,for lii%sbeLnwmaximum,scaleeffecton
pitchingmomentsis vei~ SIW.U.

The double-slottedflap tested#ve a lift coefficient
higherthan thoseobtainedon the low-dragairfoilswith plain,
split,or slottedflapsreportedin reference1. The 0.309-

, chorddouble-slottedflap testedon an 18-percent-thicklow-
drag airfoileve liftsalmostas highas the liftsobtained
on conventimal12- and 21-percent-thtckairfoilswith 0.40-
chordvenetlsnbllndand double-slottedflaps (references2
and 3). The incrementin ~ lif% was 1.79for the low-
dragairfoiland approximately2.00Sor the conventionalairfoils.
With the flap retracted,the double-plottedflap testedgave
plain-~ sectiondrag coefficimtswithoutthe need of folding
‘dodrsto close~pa and slots. Tim pitchingmomentsshownin
figure5 are of aboutthe samemagnitudeas pitchingmoments
obtalnsdfor the O.hO-chordvenetian-bllndand the double-
slottedflapsof references2 and 3.

COECLUSICMJS

Frcauthe resultsof the testsof a 0.309-chorddouble-
slott4dflap on an HACA 65,3-118,a = 1.0 atrfoil,the
following,conoluslonewere reached:

1. The.double-slottedflap testedeve lift coeffi-
cientshigher-those thathavebecm oblalnedon lU~

. .“
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low-dragalrfollewith plaln,split,or slottedflapsand dld not
afi?ectthe low-dragclaraoteristicsof me %- with the flapre’actkd.., .. .. . 1-----.. ..*-. -. . . ..+....,..----

2. The co”dlnatlh testedaleo.off~d low dragand mderate -
llft for the ,crulsin#condltiouand fairlylow drag,and high lift
for take-offand ollticonditions,

3, The “ltit.ooefficientsobttined.&l% the O.309-ohorddouble-
slottedflap were almostas hl@ cm those.obt21ned~~th larger-ohord
venetian-blindand double-slottedflapson coziv~thnalairfoilsof
approalmatelythe same thlolmessas we low-dregairfoiltested.

h. The hl@ lift.coefficientsob~tied with the O.309-chord
double-slottedfhp wmb aooompenledby hl@ pltchlngmoments,which
were comparableto th>eeobtainedwith otherM@ llft devlcea
giving81M lur maxim 1lift coefficients.

.

LangleyMemorialAeronnztlcalLaborato~,
NCt.ianalAdvisoryComudtteefcr Aer6nautlcs,

LangleyField,Va.
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TABLEI

CE?DIHA!5F(R~ 19ACA65,3-u8, a = 1.0,’AIRF(UL

[Station and crdiratm In peroentof alrfollchofi]

Upper eurface

station
I

Ordlmte

“o
.444
.688

..1.180
2.421
4.90
7.Q6
99W5
;;s0:

24:$Z?$J
29.*2
34.95(5
398$m
44.g86
50.000
55.013
60.024
65.032
70.037
75.039
80.037
85.032
90.023
95.012
100.000

0
1.348
1.633
2,057
2./320
3.@3
4.912
5.681 “
6.93
~,832
8.541
9.054
9.s3
9.526
9.464
9.145
e.593
7.853
6.965
5.972~
4.W4
3.788
2.661
1.582
.650

,0

Lower eurface

station

o
.556
.812

I.320
2● 579
~.o$xl
.7.?94
1.7.(j~.p
15.091
m .082
250071
~o.058
35.044
ho.029
45.014
~.000
54.987
599976
64.958
69.963
74.961
?99%3
84.fx8
89.977
*.*
100.000

ordinate

.:.298
-1● %3
-1● 949
-2.634
-3.672
-4*488
-5.165
-6.231
-7.06

t-7.65
-8.082
-8.353
-8.454
-8.368
-8.041
-7.497
-6.781
-5.935
-5.000
-4.008

-..334
0

Leading edgeradius= 1.~d

Slope= O.0V2
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CSDIl&!iiF& A 0:30&&bKb ‘“DCibI&&@d!D FLAP @?

AN NACA’65*3-118#e = 1.0 AIRFOIL

[stationad OralnatemIn percentof drfoil choral]-

Fore fbp

station I upper
surfaoe

69.083
%g.lok
69”167
:;.37;

’70:000
70.833
72.083
73.333
74.583
75.208
75.833
76.458
76.875

I
1

-3.125

-3.*
-2.417
-1.792
-1.458
-.708
.188

l.oy
1.604
1.958
2.125
2.273
2.3’r5
2.438

surface

-------

-------

-3,729
-4.104
-4.333
-4,y)o
-4.438
-~~708
.292

1.438
l.m
2.04f?
2.292
2.417

Rear flap

Stzltim

75.%3
75.e33
76.250
~.oa3
78.125
79.167
81.250
83.333
85.417
87.500
90.023
95.012
100.OOO

upper
Ourface

-1.250

-.104
.~o

1.167
1.771
2.188
2.583
2m583
2.k.25
2.104
1.582
.650

0

Imer
mrfaoe

----.--

.pa~ w
-2.729
-3.146
-3.250
-3.167
-2.729
-2.292
-1.867
-1.467
-1.058
;.334

%efereaoe pointfor fig. 2

——.
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Flap deflected 65°

+1 \Flap pm+ fmm
titmilmOf a 0.309o doublo-mlottad flap On 8n liAoh 65, 3-1~, O“ to W deflection
n = 1.0 *foil. Mmonslona In frnotionof chord.
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-Reference point,

see tqtde IL

o I
Percent wing chord

Xlgure 2.- Coototlrsor fhp loatia for o~ for a O.~o doubla-mlottad flap on an

HA(M 65,3-118,a = lmO ●irfotl; 8f, 65°.
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SectIon anzle of attack, am, deg

Figure 3.- SectIon lift chapacterlstics of an NACA 65,3-118, a = 1.0 airfoil with a
0.309c double-slotted flap at various deflections; R, 6,000,000 (aPrroxhatelY).
Tests, l“DT 399, h35, 452.
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-1.2 -.8 -.

. Section lift coefficient, c1 (l block= 10130”)

Figure )J.- Section drag characteristics of an NACA65,5-118, a = 1.0 airfoil with a 0.309c
double-slotted flap at four deflections; R, 6,000,000 (approximately). Teats, ‘lDT 399, )+35.

o .h .8 1.2 1.6 2.0 2.4 2.8



(1 block = 10/30’)

Hgure 5.- Pitching-moment characteristics of an NACA 65 -118, a = 1-o airfoil ~ltn

a 0.309c double-slotted flap at various deflections; R, ‘t ,500,000 (approximately).
Tests, TDT 460, J-16z.
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